Abstract -Cycle-to-cycle variation has long been recognized as limiting the range of operating conditions of spark ignition engines, in particular, under lean and highly diluted operation conditions. At a part load, some of the cycles tend to knock, while others may have incomplete combustion by the time the exhaust valve opens. An experimental study has been performed in order to evaluate the relative contribution of several relevant parameters on the cyclic variability in spark ignition engines. In general, the stability of engine operation is improved with fuel injector according to the optimal injection timing, but the stability of engine operation at idle is not improved compared with a practical gasoline engine. In this study, we investigated the relationship of the effect of operating conditions for the stability at low speed and load.
Introduction
With the strengthening requirements of automobile pollutant legislation and continuous improvement of the thermal efficiency of internal combustion engines, more comprehensive and detailed research work has to be conducted. Spark ignition engines have the advantage of low thermal efficiency and the emissions of HC and CO still remain as the main problem. These can realize higher thermal efficiency owing to the higher pumping loss, higher heat loss and an decrease in the specific heat ratio, at the expense of the moderately higher HC and CO emissions resulting from the ineffectiveness of the existing catalyst [1] .
Cycle-to-cycle combustion variations represent a problem to engine designer's for several reasons.
Since satisfying the customer is the primary goal of any automobile manufacturer, the consumer's perception of engine smoothness is an important concern. While the driver's perception of engine smoothness and noise may be influenced by many factors apart from the actual combustion variations, for instance, sound and vibration damping, engine mounting, drivetrain vibration-reducing combustion variations is necessary fr om the standpoints of drivability and customer satisfaction [2] .
Cycle-to-cycle variation in spark ignition engines may be defined as the non-repeatabillity of the combustion process on a cycle-resolved basis. The causes of these variations in combustion have been discussed in depth in several reviews of the subject [3, 4] .
The cyclic variation in the combustion process is generally accepted to be caused by variations in the mixture motion, in the amounts of air and fuel fed into the cylinder and their mixing, and in mixing with residual gases and exhaust gas recirculation, 
Experimental Set-up and Procedures
The specification of the engine is shown in Table   1 . An engine control system (IC 5460, Intelligent Controls) was used to control the fuel injection timing and spark timing. An air-fuel ratio measurement system (UEGO Sensor, Horiba 110) was used to measure the air-fuel ratio. The fuel injection timing, air-fuel ratio, spark timing, and dwell angle were the experimental operating In this paper, to study the influence of spark timing variables at idle, the spark timing was MBT(minimum spark advance for the best torque).
And the air-fuel ratio was changed to 13:1, 14.7:1 and 16:1.
Results and Discussion
To investigate the significance of variations in fuel injection timing on engine speed variability, we used a constant spark timing MBT(minimum spark advance for the best torque). The air-fuel ratio was changed to 13:1, 14.7:1 and 16:1. Figure 2 shows the maximum cylinder pressure versus cycle number at air-fuel ratio 13:1 and MBT. Figure 3 shows the maximum cylinder pressure versus cycle number at air-fuel ratio 14.7:1
and MBT. Figure 4 shows the maximum cylinder pressure versus cycle number at air-fuel ratio 16:1 and MBT. As the air-fuel ratio is richer according to the change of injection timing, the engine speed variations increase. This means that the fuel consumption rates are increased and unsteadied at idle by the fuel injection timing in the latter period of inlet process, so it is better to avoid fuel injection in the latter 
